In vitro culture of pericarp segments from fruit of Citrus sinensis (L.) Osbeck cv Valencia was used to determine the temporal sequence in development of chloroplasts from chromoplasts during regreening of the epicarp. Regreening of chromoplasts closely resembled greening of etioplasts, except that regreening proceeded much more slowly. Chlorophyll, the light-harvesting chlorophyll a/b binding protein of photosystem II, the chlorophyll a binding protein of reaction center P-700 of photosystem I, thylakoid membranes, and adenosine triphosphate synthetase were all detected at very low levels in degreened epicarp. All of these increased in parallel during regreening of the epicarp. Ribulose Redifferentiation of chromoplasts to chloroplasts has been observed in regreening ofseveral plant organs (6, 9, 19) grown seedlings contain the chloroplastic proteins RuBPCase (18, 22, 27) and CF, (7). Upon exposure to light, etioplasts rapidly become photosynthetically competent chloroplasts, accumulating Chl, thylakoids, and new polypeptides including LHCP and CPI (1, 18, 26, 27) .
Redifferentiation of chromoplasts to chloroplasts has been observed in regreening ofseveral plant organs (6, 9, 19) including the epicarp of Citrus sinensis (L.) Osbeck fruit (23) . During the reversion of chromoplasts to chloroplasts, Chl accumulates and new thylakoid membranes are formed within the chromoplast. Plastids develop that resemble chloroplasts of immature green fruit, except that many ofthe plastoglobuli formed during differentiation of chloroplasts to chromoplasts are still present in the redifferentiated chloroplasts (23) . Development grown seedlings contain the chloroplastic proteins RuBPCase (18, 22, 27) and CF, (7) . Upon exposure to light, etioplasts rapidly become photosynthetically competent chloroplasts, accumulating Chl, thylakoids, and new polypeptides including LHCP and CPI (1, 18, 26, 27) .
Reversible interconversions between chloroplasts and chromoplasts can be conveniently studied by culturing pericarp segments from citrus fruit on agar media (11) . Media with high sugar concentrations and lacking N promote differentiation of chloroplasts into chromoplasts, while media with low sugar concentrations or any of several sources of N promote redifferentiation of chromoplasts into chloroplasts.
This paper presents results of experiments using cultured segments of pericarp from C. sinensis (L.) Osbeck cv Valencia to determine the temporal sequence of appearance of Chl, thylakoids, and certain chloroplastic proteins during redifferentiation of chloroplasts from chromoplasts. Chl, LHCP, CPI, and thylakoid membranes were present in very low abundance in chromoplasts ofC. sinensis. The reaccumulation ofthese components during development of chloroplasts from chromoplasts resembled chloroplast development from etioplasts, except for the time required. RuBPCase and CF, were present in chromoplasts of C. sinensis prior to regreening on agar media. RuBPCase levels decreased markedly for the first 10 d of culture, but reaccumulated in segments that regreened. Light was required for regreening and for the reaccumulation of RuBPCase after the initial loss. The absence of N from low sugar media reduced the accumulation of Chl, thylakoids, and Chl-binding proteins and completely prevented the reaccumulation of RuBPCase. High concentrations ofsucrose (150 mM) in the absence ofN inhibited the accumulation of LHCP and regreening, but this inhibition was largely overcome by the inclusion of KNO3 in the culture medium.
MATERIALS AND METHODS
Pericarp Culture. Segments of pericarp 1 cm in diameter were prepared from fruit of Citrus sinensis (L.) Osbeck cv Valencia as previously described (1 1). The segments were kept on agar media described by Murashigi and Tucker (17) , except that 60 mm KN03 was the sole source of N, the sucrose concentration was reduced to 15 mM, growth regulators were deleted, the fungicide benomyl (methyl l-[butylcarbamoyl]-2-benzimidazole-carbamate) was added (1 1, 25) , and the media were buffered at pH 5.5 with 150 mM Mes (adjusted with KOH). Segments were also cultured on similar media with N The relative abundance of thylakoids in reformingchloroplasts increased approximately 3-fold (Fig. 3) (Fig. 4) . PAGE Profiles of Membrane and Soluble Proteins. The PAGE profile ofproteins isolated from epicarp segments prior to culture on agar media shows numerous proteins present in both the water-soluble (Fig. 5-I ) and membrane ( Fig. 5-TI Chl-Binding Proteins Accumulate during Regreening of Cultured Pericarp. Low levels of LHCP were detected in epicarp of segments prior to culture, but CPI was not detected. The amount of both LHCP and CPI increased several-fold in the epicarp of segments cultured in the light (Fig. 6) . LHCP increased about 60-fold and in close parallel to the increase in Chl over the study period, while segments cultured in the dark failed to accumulate LHCP (Fig. 7) . Segments cultured in the light for 20 d in the absence of nitrogen had significantly less Chl-binding protein than segments cultured on media with N (Figs. 6, 7) . Accumulation of LHCP and Chl was strongly inhibited by 150 mM sucrose in media lacking N (Table I ). This inhibition was overcome by inclusion of 60 mM KN03.
RuBPCase and CF1 Content. The epicarp of C. sinensis contained the chloroplastic enzymes RuBPCase and ATPase prior to culture on agar media (Figs. 6 and 8) . The level of RuPBCase decreased for the first 10 d in segments cultured in the light or dark and in the presence or absence of N (Fig. 8) . Segments cultured in the light on media containing N reaccumulated levels of RuBPCase equal to those in chromoplast prior to culture, while segments cultured in the dark or in light on media lacking N failed to reaccumulate RuBPCase. The levels of CF1 remained fairly constant in segments cultured in the light (Fig. 6 ), but decreased during 20 segments after regreening, and also several protein bands that are present in the regreened tissue, such as the LHCP protein (Fig. 6) , are not apparent in the uncultured segments. The majority of the protein bands in both the membrane and watersoluble protein fractions appear to be similar in quantity in both uncultured and cultured epicarp segments.
Examination of the electron micrographs confirms that regreening of Citrus sinensis (L.) Osbeck cv Valencia epicarp in vitro closely resembles natural, in situ regreening as described by Thomson et al. (23) . During regreening, chloroplasts appeared to be formed by reversion of chromoplasts. New thylakoids, which eventually organized into well developed grana membranes, appeared as invaginations of the plastid membrane. Plastoglobuli, formed in chromoplasts during degreening, were reduced in number and size after extensive regreening, but were not entirely absent from reformed chloroplasts. Chl, the Chl-binding proteins, and thylakoid membranes failed to accumulate in pericarp segments cultured in the absence of light. These segments also failed to reaccumulate RuBPCase after its initial loss. Thus, the regreening of citrus chromoplasts, like the greening of seedling etioplasts, has an absolute requirement for light. Light is necessary for the synthesis of Chl from Pchlide (8, 13) , and has been shown to induce the accumulation of mRNAs for LHCP and RuBPCase in dark grown seedlings (3, 24) . Whether induction of mRNAs for LHCP and RuBPCase is required for regreening ofchromoplasts cannot be answered with these data.
Previous studies identified the relative sugar and nitrogen state of the epicarp as a major factor in regulating transformations between chloroplasts and chromoplasts in degreening and regreening citrus fruit (1 1, 12 ). High sugar concentrations favored chromoplasts over chloroplasts especially when the nitrogen status of the epicarp was low. Nitrogen, in a variety of forms, promoted the chloroplasts over chromoplasts.
With the exception of RuBPCase, the effects of N deficiency on the parameters investigated were nonspecific. Deletion of N from the culture medium resulted in very similar reductions (between 30 and 50%) in the accumulation of Chl, thylakoid membranes, LHCP and, as observed earlier, amino acids (1 1). In contrast, the accumulation of RuBPCase was very slight in the absence of exogenous N. This differential effect of N deficiency on the appearance of RuBPCase and LHCP may reflect differences in N availability in the plastid and cytoplasm, and the need for plastid polypeptide synthesis for RuBPCase 
